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Abstract &RPSXWHG WRPRJUDSK\ &7 LV D QRQGHVWUXFWLYH WHFKQLTXH WKDW DOORZV EL DQG WKUHHGLPHQVLRQDO
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PDWHULDOVJODVVEHDGVSXUHVDQGDQGORDP\VDQGVRLO7KHDLPRIWKLVVWXG\ZDVWRFKDUDFWHUL]HWKHVRLOIURPWKH
UHFRQVWUXFWHGLPDJHVXVLQJWZRSURSRVHGSDUDPHWHUV7KH¿UVWFRQVLGHUHGWKHUHODWLRQVKLSEHWZHHQWKHVROLGDUHD
DQGWKHWRWDODUHDRIWKHLPDJHZKLOHWKHVHFRQGSDUDPHWHUZDVWKHDOLJQPHQWRIWKHJDSVLQWKHIRXUGLUHFWLRQV
ZLWKLQWKHLPDJH7KXVWKHPDLQFKDUDFWHULVWLFVWKDWLQÀXHQFHWKHÀXLGSHUFRODWLRQLQDVDWXUDWHGSRURXVPHGLXP
ZHUHTXDQWL¿HG7KH H[SHULPHQWVKDYH VKRZQ WKDW  WKHSDUDPHWHUV LPSOHPHQWHG IRU WKH FKDUDFWHUL]DWLRQRI
VRLODUHVHQVLWLYHDFFRUGLQJWRGHFUHDVHGUHVROXWLRQRI&7LPDJHVDQGWKHDOLJQPHQWRISRUHVORDP\VDQGVRLO
VDPSOHVVKRZHGDPDUNHGWHQGHQF\WRZDUGVYHUWLFDODOLJQPHQWRISRUHVZKLOHWKHJODVVVDPSOHVDQGSXUHVDQG
EHKDYLRUH[KLELWHGDJUHDWHUWHQGHQF\WRLVRWURS\
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1. Introdução
1RFDPSRGDFLrQFLDGRVVRORVRXVRGHPRGHORVPDWHPiWLFRVDSOLFDGRVDRÀX[RGDViJXDVVXEWHUUkQHDV
pFDGDYH]PDLVIUHTXHQWH'HIRUPDJHUDORVPRGHORVPDWHPiWLFRVWHQWDPGHVFUHYHURVSURFHVVRVItVLFRVSRU
PHLRGHHTXDo}HVPDWHPiWLFDV1DV~OWLPDVGpFDGDVDOJXQVPpWRGRVQXPpULFRVSDUDRHVWXGRGHÀX[RHPPHLRV
SRURVRVQDHVFDODGRVJUmRVPHVRHVFDODWrPVLGRGHVHQYROYLGRV'HQWUHHOHVSRGHPVHUFLWDGRVR0pWRGR/DWWLFH
*DV$XWRPDWD/*$HPLQJOrV%$1'0$1HR0pWRGR/DWWLFH%ROW]PDQQ0/%0$1:$57HWDO
(VVHVPpWRGRV WrPVLGRXWLOL]DGRVSDUDDYDOLDURHIHLWRGDKHWHURJHQHLGDGHGRPHLRQDSHUPHDELOLGDGH
0$1:$57HW DOH WrPFRUUHODFLRQDGRRVSDUkPHWURVXVDGRVQDGHVFULomRPDFURVFySLFDGRÀX[RHP
PHLRVSRURVRVSH[SHUPHDELOLGDGHWRUWXRVLGDGHHSRURVLGDGH.2321(1HWDO
1RHQWDQWRDVVLPXODo}HVWrPVLGRUHDOL]DGDVHPPHLRVDUWL¿FLDLVIRUPDGRVSULQFLSDOPHQWHSHODGLVSR-
VLomRGH¿JXUDVJHRPpWULFDVFtUFXORVRXSDUDOHOHStSHGRV2XWUDVIRUPDVPDLVDYDQoDGDVVmRUHDOL]DGDVSRUPHLR
GHIUDFWDLV:8HWDORXGHDXW{PDWRVFHOXODUHV$&%$1'0$1
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2DYDQoRGDVWpFQLFDVGHDTXLVLomRHYLVXDOL]DomRGHLPDJHQVWULGLPHQVLRQDLVGRVRORDEULUDPFDPLQKR
QRGHVHQYROYLPHQWRGHWpFQLFDVGHJHUDomRDUWL¿FLDOGRPHLRLQFRUSRUDQGRSDUkPHWURVPDLVUHDOtVWLFRV0$75(-
&$12*$1:$1*$WRPRJUD¿DFRPSXWDGRUL]DGD7&GH5DLRV;LQWURGX]LGDQR%UDVLOSRU
&UHVWDQDpXPGRVSURFHGLPHQWRVPDLVXWLOL]DGRVSDUDDYLVXDOL]DomRGDHVWUXWXUDGRVROR$WpFQLFDWHPD
JUDQGHYDQWDJHPGHVHUQmRGHVWUXWLYDSHUPLWLQGRYLVXDOL]DUDPRVWUDVLQGHIRUPDGDVGRPHLRSRURVR
2 GHVHQYROYLPHQWR GRV FKDPDGRVPLFUR7& TXH DSUHVHQWDP UHVROXo}HV GH DWp XPPtFURQ SHUPLWLX
JUDQGHVDYDQoRVQRHVWXGRHFDUDFWHUL]DomRGDHVWUXWXUDLQWHUQDGRVPHLRVSRURVRV0$75(&$129$=HW
DO76(1*=XEHOGLDSURS{VXPDPHWRGRORJLDSDUDDJHUDomRGHPHLRVDUWL¿FLDLVSRUPHLRGH
DXW{PDWRVFHOXODUHVDSDUWLUGHLPDJHQVGHVRORREWLGDVSRUPLFUR7&
1HVWHHVWXGRIRUDPHVWXGDGRVWUrVPDWHULDLVGLIHUHQWHVHVIHUDVGHYLGURDUHLDHVRORFRPWH[WXUDDUHLD
DUJLORVD,PDJHQVGHVVHVPDWHULDLVIRUDPREWLGDVSRUPHLRGHPLFUR7&GHUDLRV;'RLVSDUkPHWURVIRUDPSUR-
SRVWRVSDUDFDUDFWHUL]DURVRORDSDUWLUGDVLPDJHQVUHFRQVWUXtGDV2VSDUkPHWURVSRGHPVHUXWLOL]DGRVFRPRGDGRV
GHHQWUDGDSDUDDJHUDomRGHGRPtQLRVSRURVRVDUWL¿FLDLVTXHSRVVDPVHUXWLOL]DGRVSDUDUHDOL]DUVLPXODo}HVSRU
PHLRGHPpWRGRVQXPpULFRVQDHVFDODGRVJUmRV
2. Materiais e Métodos
$VHVIHUDVGHYLGURIRUDPIRUQHFLGDVSHOD(PEUDSD,QVWUXPHQWDomR$JURSHFXiULD8QLGDGHGH6mR&DU-
ORV63)RUDPXWLOL]DGDVHVIHUDVGHPPHPPGHGLkPHWUR$DUHLDHPSUHJDGDIRLIRUQHFLGDSHOR/DERUD-
WyULRGH*HRWHFQLDGD8Q%2PDWHULDOIRLSHQHLUDGRDVIUDo}HVVXSHULRUHVDPPSHQHLUDHLQIHULRUHVD
PPSHQHLUDIRUDPUHPRYLGDV2VRORGHWH[WXUDDUHLDDUJLORVDIRLFROHWDGDQD(VWDomRGH7UDWDPHQWRGH
(VJRWR(7(0HOFKLRUGHSHQGrQFLDGD&RPSDQKLDGH6DQHDPHQWR$PELHQWDOGR'LVWULWR)HGHUDO&$(6%OR-
FDOL]DGRHP6DPDPEDLD')8PEORFRGHPDWHULDOLQGHIRUPDGRIRLFROHWDGRDXPDSURIXQGLGDGHGHPDEULQGR
XPSRoRVHJXQGRRHVWDEHOHFLGRSHOD1%5'REORFRUHWLUDGRIRUDPPROGDGRVYiULRVFRUSRVGHSURYDGH
PPGHGLkPHWURSDUDVHUHPDQDOLVDGRVQD7&
$DTXLVLomRGDVSURMHo}HVHDUHFRQVWUXomRGHLPDJHQVELGLPHQVLRQDLVIRUDPIHLWDVXWLOL]DQGRXPPLFUR-
WRPyJUDIRGHUDLRV;GHTXDUWDJHUDomRPRGHOR6N\6FDQGD(PEUDSD,QVWUXPHQWDomR$JURSHFXiULD6mR
&DUORV3DUDDUHFRQVWUXomRGDVLPDJHQVXWLOL]RXVHRVRIWZDUH15HFRQYHUVmRSHUWHQFHQWHDRSDFRWHGH
DQiOLVHGRHTXLSDPHQWR6N\6FDQ
2SURFHVVDPHQWRIRLUHDOL]DGRXWLOL]DQGRRVRIWZDUH'DWD9LHZHUYHUVmRTXHID]SDUWHGRSDFRWHGH
DQiOLVHGRHTXLSDPHQWR6N\6FDQ&LQFRLPDJHQVFRURQDLVGHFDGDDPRVWUDIRUDPH[SRUWDGDVHPIRUPDWR%LWPDSV
%03SDUDVXDSRVWHULRUVHJPHQWDomRQRVRIWZDUH:ROIUDP0DWKHPDWLFDYHUVmR
'RLVSDUkPHWURVIRUDPSURSRVWRVSDUDFDUDFWHUL]DUDVLPDJHQVREWLGDV2SULPHLURGHQRPLQDGR5D]mRGH
2FXSDomR%LQiULD52%OHYDHPFRQWDDUHODomRHQWUHDiUHDGHVyOLGRVHDiUHDWRWDOGDVLPDJHQV3DUDLPDJHQV
ELQiULDVpGH¿QLGRFRPR
  

RQGHp e bUHSUHVHQWDPDTXDQWLGDGHGHSL[HOVSUHWRVHEUDQFRVUHVSHFWLYDPHQWH
2VHJXQGRSDUkPHWURGHQRPLQDGR*UDXGH$QLVRWURSLD*$FRQVLGHUDRDOLQKDPHQWRGRVYD]LRVHP
TXDWURGLUHo}HVGHQWURGDLPDJHP(PXPFRUSRIRUPDGRSRUGXDVIDVHVSH[VRORHDURXWUDEpFXODHPHGXOD
RPpWRGRFRQVLVWHEDVLFDPHQWHQDPHGLomRGRFRPSULPHQWRPpGLRGHXPDGDVIDVHVDRORQJRGHXPDOLQKDTXH
DWUDYHVVDRFRUSR3DUDRFiOFXORGRSDUkPHWURGHDQLVRWURSLDHPLPDJHQVELQiULDVXPDVpULHGHOLQKDVSDUDOHODVD
XPDGLUHomR  w pGHVHQKDGD&RQWDVHRQ~PHURGHLQWHUFHSWDo}HVGHVVDVOLQKDVFRPDLQWHUIDFHGRVPDWHULDLVH
¿QDOPHQWHRSDUkPHWURGHDQLVRWURSLDQDGLUHomRVHOHFLRQDGD  MIL w pGDGRSRU6.<6&$1
  

2VSDUkPHWURVSURSRVWRV52%H*$YLVDPTXDQWL¿FDUDGLVWULEXLomRHVSDFLDOGRVYD]LRVGRPHLRSRUR-
VRTXHH[HUFHJUDQGHLQÀXHQFLDQRFRPSRUWDPHQWRGRÀX[RQXPPHLRVDWXUDGR(VWHVSRGHPVHUXWLOL]DGRVFRPR
YDULiYHLVGHHQWUDGDSDUDDJHUDomRGHXPPHLRSRURVRDUWL¿FLDOSRUPHLRGHDOJXPDWpFQLFDFRPSXWDFLRQDO$
YDQWDJHPGDJHUDomRDUWL¿FLDOpTXHSHUPLWHFULDUGRPtQLRVGHTXDOTXHUWDPDQKRHHVFDOD$VVLPDVFRQGLo}HVGR
GRPtQLRSRGHPVHUDGDSWDGDVjVFRQGLo}HVGHTXDOTXHUH[SHULPHQWRQXPpULFRGHVGHTXHRVSDUkPHWURVGRPHLR
DUWL¿FLDOFRLQFLGDPFRPRVGRPHLRUHDO2XWURVSDUkPHWURVSRGHPVHUSURSRVWRVSDUDXPDFDUDFWHUL]DomRPDLV
FRPSOHWDGRVROR
3. Resultados e Discussão
1D7DEHODVmRDSUHVHQWDGRVRVUHVXOWDGRVGRVFiOFXORVGRVSDUkPHWURV52%H*$SDUDDVLPDJHQVRE-
WLGDVHPFDGDH[SHULPHQWRWRPRJUi¿FR2EVHUYDVHTXHFRPDGLPLQXLomRGDUHVROXomRWDPDQKRVGHSL[HOPDLR-
UHVRYDORUGD52%GLPLQXLWDPEpP3RUH[HPSORD52%PpGLDGDDPRVWUD$UHLDpPHQRUGRTXHDGD$UHLD
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HPERUDDPEDVDVDPRVWUDVSHUWHQoDPDRPHVPRFRUSRGHSURYD$2PHVPRIHQ{PHQRSRGHVHUREVHUYDGR
DRFRPSDUDURYDORUPpGLRGD52%GDVDPRVWUDV$UHLDDUJLORVDH$UHLDDUJLORVD,VWRVHGHYHDRIDWRGHTXH
UHVROXo}HVPDLRUHVFRQVHJXHPFDSWDUXPPDLRUQ~PHURGHSRURVHQTXDQWRDUHGXomRGDUHVROXomRID]FRPTXH
RVSRURVPHQRUHVQmRSRVVDPVHUSHUFHELGRV
7DEHOD3DUkPHWURVUHSUHVHQWDWLYRVGDVLPDJHQVWRPRJUi¿FDV
Amostra &RUSRGH
3URYD
7DPDQKRGR
pixel
52%# &29 *UDXGH
anisotropia 
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P    
$UHLD $ P    
$UHLD $ P    
$UHLD $ P    
$UHLD$UJLORVD $UJ P    
$UHLD$UJLORVD $UJ P    
 # media dos valores calculados em cinco imagens coronais obtidas para cada amostra.
1D)LJXUDpDSUHVHQWDGDDUHGHGHSRURVGDVGXDVDPRVWUDVGHDUHLDDUJLORVDUHFRQVWUXtGDVDSDUWLUGH
H[SHULPHQWRV WRPRJUi¿FRV IHLWRVQRPHVPRFRUSRGHSURYDFRPGXDV UHVROXo}HVGLIHUHQWHV&RPD UHVROXomR
PDLRU)LJXUDDDUHGHSRURVpYLVLYHOPHQWHEHPFRQHFWDGDHQTXDQWRTXHDUHVROXomRPHQRU)LJXUDEJHURX
XPDUHGHGHSRURVPXLWRPDLVSREUHVHQGRTXHPXLWRVGHOHVHVWmRLVRODGRV
D E)LJXUD5HGHGHSRURVGRFRUSRGHSURYD³$UJ´DAreia argilosa 1WDPDQKRGHSL[HOPE
Areia argilosa 3WDPDQKRGHSL[HOP
$DQiOLVHGR*$FRPRHVSHUDGRPRVWURXTXHDVDPRVWUDVGHYLGURHDUHLDDSUHVHQWDPXPDPDLRUWHQ-
GrQFLDjLVRWURSLD1RFDVRGR*$GDVDUJLODVRVYDORUHVVmRXPSRXFRPDLVHOHYDGRVPDVDLQGDEDVWDQWHGLVWDQWHV
GRYDORUPi[LPRTXHLQGLFDDDQLVRWURSLDWRWDO
4. Conclusões
$QDOLVDQGRVHRVUHVXOWDGRVREWLGRVFRQFOXLVHTXH
$ WRPRJUD¿DFRPSXWDGRUL]DGDpXPDIHUUDPHQWDYDOLRVDSDUDDFDUDFWHUL]DomRGRVRORFRPRPDWHULDO
SRURVR1RHQWDQWRGHYHVHUXVDGDFULWHULRVDPHQWHMiTXHDUHVROXomRPi[LPDGRHTXLSDPHQWRHVWDEHOHFHXP
OLPLWHSDUDRVREMHWRVTXHSRGHPVHUYLVXDOL]DGRVLPSHGLQGRSRUH[HPSORYLVXDOL]DUPLFURSRURVQRVPDWHULDLV
DUJLORVRV
2VSDUkPHWURV LPSOHPHQWDGRVSDUD D FDUDFWHUL]DomRGR VRORPRVWUDUDPVH VHQVtYHLV jGLPLQXLomRGD
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